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Abstract Air quality in ambient outdoor air has seldom
been evaluated in Iran. Accordingly, we evaluated airborne
asbestos fiber concentrations in the urban environment of
Tehran, Iran between January 2006 and March 2007. The
airborne fiber concentrations of 80 air samples collected
from 40 different sites in five areas of Tehran were
analyzed by energy-dispersive X-ray analysis in combina-
tion with phase-contrast optical microscopy (PCM) and
scanning electron microscopy (SEM). The geometric means
of the airborne asbestos fiber concentrations were 3.4×10−3
PCM f/ml (0.1 SEM f/ml) and 3.3×10−3 PCM f/ml (0.20
SEM f/ml) according to areas and seasons, respectively.
There were significant differences in the asbestos fiber
concentrations between the areas and seasons (p=0.02;
p =0.04), respectively. In the areas, the average concentra-
tion was 3.4×10 −3 PCM f/ml (0.1 SEM f/ml), which is
considerably higher than those reported for the levels of
asbestos in outdoor air in the USA and the urban
environment of the Europe. The SEM analyses revealed
that the fibrous particles consisted, approximately, of
chrysotile (60%), tremolite (10%), anthophyllite (10%),
and non-asbestos fibers (20%). We conclude that the high
volume of traffic, industrial consumption of asbestos, and
geographical and climate conditions are responsible for the
high airborne asbestos levels in non-occupational environ-
ments in Tehran. Thus, it is to be expected that inhabitants
of Tehran will suffer negative health effects due to exposure
to asbestos airborne fibers.
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Introduction
Asbestos is a generic term for a group of naturally
occurring mineral silicates in various forms that are
easily separated into long and thin, flexible fibers when
crushed or processed (Kakooei and Kakooei 2007). These
mineral silicates are divided into two sub-groups: serpen-
tine (chrysotile), which is used as the most commonly form
of asbestos, and the amphiboles (amosite, tremolite,
actinolite, anthophyllite, and crocidolite). Asbestos has
been used extensively in building and industrial materials,
including insulation, automobile clutches and brakes, and
asbestos cement products, such as well panels, roofing
plates, ventilation ducts, water tubes, and sewage pipes.
While asbestos is not volatile, small fibers and clumps of
asbestos fibers may be released to ambient air as a dust
(EPA 1985d), and the health risks of exposure to such
fibers/dust have been studied and debated for many years
(ACSH 2007). Asbestos fibers are recognized to be
carcinogenic and responsible for a variety of malignant
diseases, such as lung cancer and mesothelioma (Nicholson
and Landrigani 1994). In 2005, 55 cases of an asbestos-
related malignant mesothelioma appeared in the Iranian
Annual of National Cancer Registration Report (IANCRR
2005). Clinical and epidemiological studies have estab-
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lished beyond all reasonable doubt that chrysotile asbestos
causes cancer of the lung, and malignant mesothelioma of
the pleura and peritoneum (Nicholson and Landrigani 1994,
Thomson et al. 1963); however, the effects of asbestos on
the human body need further consideration (Camus et al.
1998; Peto et al. 1995).
The use of asbestos in Iran began in the 1950s, and by
the mid-1970s it was being widely used in friction
materials (Kakooei et al. 2007). Approximately 55,000
tons of chrysotile asbestos in was imported in 2007
(Mehrdad 2008). The use of asbestos in industrial
applications in Iran has not declined in recent years nor
has the manufacturing of asbestos products ceased.
Although there has been one report of airborne asbestos
concentrations in a brake lining manufacturing plant
located in the suburbs of Tehran (Kakooei and Kakooei
2007), there have been no reports of asbestos at exposure
levels in non-occupational environments.
Given this lack of data on asbestos levels in ambient
air and the background of approximately 40 years of
asbestos use in Iran, an assessment of ambient concen-
trations of airborne asbestos is urgently needed to
provide the information necessary for developing effec-
tive management strategies. In Iran, there is currently no
specific criteria for asbestos in environmental media,
such as air, that directly relate to the public health risk of
asbestos exposure. In addition, there are no relevant
international standards for ambient or environmental
asbestos exposures (WHO 1998). In urban areas, most
ambient air concentrations range from 3×10−6 to 3×10−4
PCM f/ml, but they may reach up to 3×10−3 PCM f/ml as
a result of local sources (Corn 1994; EPA 1991b; IARC
1977; Nicholson and Pundsack 1973; Selikoff et al. 1972).
Two other investigations of asbestos in outdoor air in the
USA reported levels of asbestos, with a median of 3×10−4
PCM f/ml and mean of 5×10−5 PCM f/ml (WHO 1998).
The aims of this study were: (1) to determine airborne
asbestos fiber concentrations by phase-contrast optical
microscopy (PCM) and scanning electron microscopy
(SEM) in Tehran urban (residential) areas; 2 to compare
the concentrations of respirable fibers by season and
between five main areas in Tehran; (3) to obtain data that
will contribute to establishing background exposure levels
to asbestos fibers level to refer for reference in studying the
effects of the high volume of vehicular traffic in Tehran.
Materials and methods
Sampling and analysis
Ambient air samples were collected between January
2006 and March 2007. The residential areas of Tehran
were divided into five large regions: (1) the north (N),
(2) south (S), (3) east (E), (4), west (W), and (5) center
(C). Airborne asbestos was analyzed in 80 air samples
collected from 40 different sites dispersed in the five
areas of Tehran. To evaluate the seasonal variations in
fiber concentrations, we collected air samples at the
same sites in each of the four seasons. The samples
were collected on membrane filters (Millipore type AA;
pore size 0.8 μm; diameter 47 mm; Millipore, Bedford,
MA) using an open-face filter holder (model FP050/2;
Schleicher and Schull, Dassel, Germany). Sampling was
performed at a flow rate of 10 l/min using a suction
pump (model IP 30L; Sibata Scientific Technology,
Tokyo, Japan); sampling times ranged from 4 to 8 h.
The samples were obtained outdoors at a height of 1 m
above the ground. Each of the air samples was assessed
by PCM, and the results were confirmed with SEM. For
the PCM measurements, the sampled filters were
prepared and analyzed according to NIOSH method
7400 (NIOSH 1989). In this procedure, the filter is first
treated to make it transparent and then analyzed by
microscopy [phase contrast illumination, Walton–Bechette
graticule (type G-22), magnification of 400–450×]. A
fiber was defined as any particle longer than 5 µm and
with a length-to-diameter ratio of 3:1. Although the PCM
method is relatively fast and inexpensive, it does not
distinguish between asbestos and non-asbestos fibers, and
it can not detect fibers thinner than 0.25 µm. The
analytical sensitivity was approximately 0.01 f/ml of air
sampled. Another portion of the 0.8-µm pore size filter
was prepared and analyzed according to the SEM method
(detection limit 0.4 F/l) specified by the Asbestos
International Association (AIA 1984). The SEM (model
XL30; Philips, Eindhoven, the Netherlands) was used in
combination with energy-dispersive X-ray analysis
(EDXA) to identify asbestos during the analysis of some
of the samples. The SEM method can detect smaller fibers
than the PCM and also fiber type, but its accuracy for
counting fibers is unacceptably poor due to the small area
that can be scanned at high magnification. The SEM
analysis usually images fibers >0.2 µm in diameter
because it has contrast limitations (NIOSH 1994b).
The AIA air sampling strategy requires the direct
counting of fibers with a diameter >0.5 µm and a length-
to-diameter ratio of ≥5:1.
Statistical method
Descriptive statistics were used for both PCM and SEM
measurements of airborne fiber concentrations. The mean
fiber concentrations are shown as geometric means. The
fiber concentrations of the airborne samples between areas,
seasons, and squares were compared by one-way analysis
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of variance (ANOVA) and Post Hoc tests (multiple
comparisons) using the SPSS software for Windows ver.
11.5 (SPSS, Chicago, IL).
Results and discussion
Air pollution conditions
Tehran, the capital city of Iran and the regional center of
Tehran province, has more than 7 million inhabitants and
occupies a surface area of about 700 km2 (Kakooei and
Kakooei 2007). The city is hemmed in by the Alborz
Mountains to the north, resulting in an increasing volume of
pollutants being trapped over the city when the wind is not
strong enough to blow the pollution away (Kakooei and
Kakooei 2007). Air pollution is one of the most serious
environmental problems in Iran, and a study published by
Peimaneh (2002) reported that the Pollutant Standard Index
(PSI) indicated an unhealthy air condition in Tehran for
252 days in 1999 and 282 days in 2000. The Japan
International Co-operation Agency (JICA) predicted that
about 71% of air pollution in Tehran is produced from
mobile emission sources (JICA 1997). indicating that a
major cause of air pollution in Tehran is the exhaust from
the approximately 2.5 million motor vehicles, including
about 0.5 million motorcycles, that operate in an extremely
congested road space (average vehicle speeds <18 km/h), as
well as the 70000 industrial units (Paimaneh 2002).
Table 1 Airborne asbestos fiber concentrations by areas
Area Number of samples Asbestos fiber concentrations (fiber/ml)a
PCM f/ml SEM f/ml
North 16 4.0×10−3 (1.8×10 −3) 0.243 (0.11)
South 16 3.2×10−3 (1.6×10−3)* 0.195 (0.09)
East 13 2.5×10−3 (1.6×10−3)** 0.153 (0.10)
West 13 3.9×10−3 (1.5×10−3) 0.237 (0.09)
Center 22 3.4×10−3 (1.9×10−3)*** 0.206 (0.11)
Total 80 3.4×10−3 (1.7×10−3) 0.206 (0.10)
*p=0.02, **p=0.04, compared with the northern and western areas of
Tehran, respectively;.***p=0.04 compared with the eastern area of
Tehran
SEM, Scanning electron microscopy; PCM, phase-contrast optical
microscopy
a Values are given as the geometric mean, with the geometric standard
deviation given in parenthesis








PCM f/ml SEM f/ml
<10 m 25 3.8×10−3(3.2×10−3 )* 0.22 (0.19)
>50 m 55 3.3×10−3(1.6×10−3) 0.20 ( 0.09)
*p<0.01 compared with the point >50 m from square
a Values are given as the geometric mean, with the geometric standard
deviation given in parenthesis
chrysotile
Fig. 1 Scanning electron microscope (SEM) image collected of
chrysotile fiber





PCM f/ml SEM f/ml
Winter 19 2.5×10−3 (1.3×10 −3)** 0.155 (0.08)
Spring 20 3.0×10−3 (1.2×10−3)*** 0.180 (0.07)
Summer 18 3.7×10−3 (1.7×10−3)**** 0.225 (0.10)
Autumn 23 4.3×10−3 (2×10−3) 0.262 (0.12)
Total 80 3.4×10−3 (1.7×10−3) 0.208 (0.10)
a Values are given as the geometric mean, with the geometric standard
deviation given in parenthesis
*p=0.04, **p <0.001, compared with summer and autumn, respec-
tively; ***p=0.009, compared with the autumn; ****p<0.04, com-
pared with the winter
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Asbestos fiber concentrations by area
The geometric mean values of airborne asbestos in the
samples collected from five areas of Tehran are given in
Table 1. The highest geometric mean concentration of
asbestos (4.05×10−3 PCM f/ ml and 0.24 SEM f/ml) was
found in the northern areas of Tehran, followed by the west,
center, south and east areas. The geometric means of
asbestos concentrations were significantly higher in the
north of Tehran than in the other areas (p=0.02).
As noted in previous studies, the concentrations of
asbestos found in ambient air vary widely, and it is not
possible to calculate non-occupational exposure levels
accurately except on a site-by-site basis (HEI 1991; WHO
1998). In general, there are no relevant international
standards for ambient or environmental asbestos exposures
(WHO 1998). In urban areas, most ambient air concen-
trations range from 3* 10−6− 3* 10− 4 PCM f/ml, but may
range up to 3* 10− 3 PCM f/ml (EPA 1991b; IARC 1977;
Corn 1994). In 1991, the Health Effects Institute (HEI)
reported on the levels of asbestos in ambient air worldwide,
with estimated rural and urban levels of about 1×10−5 TEM
f/ml (2×10−7 PCM f/ml) and 1×10−4 TEM f/ml (2 ×10−6
PCM f/ml), respectively (HEI 1991). In Tehran, the
average concentration was 3.4×10 −3 PCM f/ml (0.1 SEM
f/ml), which is considerably higher (more than 68- and 45-
fold) than the levels of asbestos reported in outdoor air in
the USA and the urban environment of Europe (5×10−5
PCM f/ml and 2.2×10−3 SEM f/ml; WHO 1998; Marconi
1989).
Table 2 shows the airborne asbestos fiber concentrations
at the sites <10 m and >50 m distant from the squares, the
neighboring and far points, respectively. The geometric
means of airborne asbestos concentrations were significant-
ly higher at the neighboring points (approximately in the
squares) than at the distant points (p<0. 01). The geometric
means of airborne asbestos at the neighboring points ranged
from 5.4×10−3 PCM f/ml (0.32 SEM f/ml) to 2.4×10 −3
PCM f/ml (0.14 SEM f/ml), which is much higher than
those estimated in other studies. In 1998, the World Health
Organization (WHO) recommended 5×10−5 PCM f/ml as a
reference value, corresponding to levels of asbestos in
outdoor air in the USA (WHO 1998). In our analysis, the
geometric mean asbestos concentrations exceeded 5×10−5
PCM f/ml in the areas and neighboring points.
In the ambient air samples, the geometric mean asbestos
concentration at the points bordering on the square (3.8×
10−3 PCM f/ml) was higher than those at the distant points
(p<0.01). Thus, it can be strongly suggested that the
Fig. 2 Energy-dispersive spectrometry (EDS) spectrum collected from the air chrysotile fiber
Fig. 3 SEM image collected from the air tremolite fiber
42 Air Qual Atmos Health (2009) 2:39–45
density of airborne asbestos can be largely attributed to the
high volume of vehicular traffic in the vicinity of squares.
Asbestos fiber concentrations by season
Table 3 shows the airborne asbestos fiber concentrations in
each of the four seasons. The geometric means of the
asbestos fiber concentrations were significantly higher in
the autumn (4.4×10−3 PCM f/ml and 0.26 SEM f/ml) than
in the other seasons (p<0.001). As suggested by the results
of the one-way ANOVA, season is an important determi-
nant of airborne asbestos levels, with a season-significant
p value of0.005. The seasonal differences may be explained
the more frequent presence of inversion layers and higher
levels of urban transport during the autumn.
As noted above, the SEM analysis revealed that the
fibrous particles in the urban environment consisted of
chrysotile (60%),tremolite(10%), anthophyllite (10%) and
non-asbestos fibers (20%). The SEM photographs in
Figs. 1, 2, 3, 4, 5, 6 were obtained by a conventional SEM
instrument with a metal evaporation coating and show
airborne chrysotile, tremolite, and anthophyllite fibers in
the ambient air. The chemical composition of the fibers
was analyzed by energy-dispersive spectrometry (EDS)
analysis (Figs. 2, 4, 6). Relative elemental concentrations
can be estimated from the peak areas in the EDS analysis
of the airborne asbestos. An example of an SEM image
and EDS spectrum of chrysotile is shown in Figs. 1 and 2
in which the magnesium to silicon (Mg/Si) ratio is 1.0.
These data can be compared to the composition of
standard reference chrysotile (Mg/Si ratio 1.31). The
chemical profile of chrysotile asbestos consists of Mg
and Si that are linked at the oxygen atoms. As shown in
Figs. 4–6, tremolite has calcium instead of iron, while
anthophyllite contains iron and the Mg/Si ratio is 0.25. It
should be noted that chrysotile asbestos is used in
automobile brakes, tremolite is a contaminant in talc and
chrysotile ore, but anthophyllite fibers may be released to
the outdoor air due to raw vermiculite (is a mica-like
mineral) that is used in fireproofing, insulation, packaging,
and automobile brakes.
Earlier studies on airborne asbestos concentrations in
outdoor air in the Europe have shown higher concentrations
in city areas; in comparison the amounts of asbestos
measured in this study were higher than reported in these
earlier studies (Marconi et al. 1989; Burdett et al. 1989).
Kovalevskiy and Tossavaineh. (2005) reported that mean
asbestos concentrations in the urban environment of
Moscow were 2×10−3 PCM f/ml, which are lower thanFig. 5 SEM image collected from the air anthophyllite fiber
Fig. 4 EDS spectrum collected from the air tremolite fiber
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those found in this study. In general, the levels of airborne
asbestos concentrations estimated in ambient air in our
study (2.5×10– 3 to 4.05×10– 3 PCM f/ml) differ from
those reported in other studies. The lower ambient asbestos
levels of these other studies could be attributed to a better
regulation of asbestos-containing materials, such as well
panels, roofing plates, ventilation duct, water tubes, and
sewage pipes. It has recently been recognized that the
carcinogenicity of asbestos is strongly related to the size of
the fibers sizes (Berman and Crump 2008). Therefore, it is
important to know the size distribution of the fibers as well
as the concentrations in occupational and non-occupational
environments. As shown in Fig. 1, the diameter of the
chrysotile fibers (0.2–0.3) wass mostly smaller than that of
the amphybole fibers (0.3–0.5 µm). The SEM data in
Tables 1–3 are the concentrations calculated for fibers
≥5 µm in length and >0.2 µm in diameter. We found
differences in the amount of fibers approximately 5 µm
long between 10 m (0.026 SEM f/ml) and >50 m (0.036
SEM f/ml) distant from the squares. The geometric means
of concentrations of fibers of the same length in the seasons
were 0.037 SEM f/ml. Considering that 71% of air
pollution in Tehran is produced by vehicle emissions (JICA
1997), our results strongly suggest that the high levels of
airborne asbestos is largely attributable to the brakes and
clutches of automobiles. In addition to the above finding,
asbestos accumulates in human lungs for a lifetime, unlike
other air pollution materials, such as carbon monoxide,
sulfur dioxide, nitrogen dioxide, ozone and particulate
matters (PM10 and PM2.5). Consequently, the possibility
of asbestos-related diseases in Iran are high given the high
volume of vehicular traffic, industrial consumption of
asbestos, and industrial units in urban areas.
Conclusion
Exposure to airborne asbestos fiber is generally higher in
the capital city of Iran (Tehran) than in similar cities in
developed countries. Asbestos fibers in Tehran were much
higher—more than 68- and 45-fold higher—than those
reported for the levels of asbestos in outdoor air in the USA
and the urban environment of Europe, respectively. We
conclude that the high volume of traffic, high industrial
consumption of asbestos, and geographical and climate
conditions are responsible for the high airborne asbestos in
non-occupational environments in Tehran. Thus, exposure
to asbestos airborne fibers are likely to have negative health
effects on the inhabitants of Tehran. Considering that the
numbers of vehicles on the roads in Tehran are increasing
each year, the monitoring of airborne asbestos in the urban
environment and the establishment of non-occupational
exposure limits are strongly recommended. An alternative
proposal is to implement national programs aims at banning
the use of asbestos.
Element       Series    unn. C  norm. C  Atom. C 
                       [wt.-%]  [wt.-%]  [at.-%] 
------------------------------------------------ 
Oxygen       K series    45.48    60.86    82.24 
Magnesium    K series     1.94     2.60     2.31 
Aluminium    K series     0.80     1.07     0.85 
Silicon      K series     7.68    10.28     7.91 
Potassium    K series     1.06     1.42     0.79 
Calcium      K series     2.45     3.28     1.77 
Iron         K series     5.07     6.78     2.62 
Gold         M series    10.25    13.72     1.51 
------------------------------------------------ 
               Total:    74.7 % 
Fig. 6 EDS spectrum collected from the air anthophyllite
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